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The spin of the nucleon ™

Lo Iy & AG +

2 2 Quark spin Gluon Spin

_>
Non-relativistic Quark Model A2=1 —>
- C

i,
Relativity reduce to AZ~0.7 m ',
-
Ellis Jaffe Sum rule A2~0.6
SU(3) and non polarized sea quark
SN
-

Pion cloud model
Massless QCD conserve helicity

Measurement from polarized DIAS2 - - :&66‘ ..

— Cannot generate gluon & sea quark polarization 3
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Leading twist parton distributions
Well measured at DIS, pp

|
Momentum Quark / Gluon Angular
— > / + Momentum
Helicity average - q| G| X
Helicity difference I*» - [« » p Aq AG
Helicity flip ] % g DVCS

Well measured at pol. DIS
Anti quark / flavor decomposition at RHIC /' ¢4e info from pQCD fits

RHIC,Compass,Hermes...
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Spin Physics Program at STAR%W

Gluon Polarization .
Direct Photon + jet qg — qy QCD Compton scattering
Jet and di-Jet qg —= Jet + Jet or gg— Jet + Jet

Heavy flavor production (?)

Quark / Anti-Quark Polarization & Flavor Decomposition
W production qq —=W* —e”

Transversity & Transverse Spin Effects
Transversity via Jet fragmentation
Transversity via Dijet or Drell-Yan
Single transverse spin asymmetries

New Physics?
Parity violating asymmetries



Gold plated channel for AG: y+Jet DA
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Simulated ALL

STAR Sensitivity to AG
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Comparison with other experiments
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xgluon



ﬁm'ﬁspﬁ

Flavor Decomposition of the proton’s spin
W select spin and flavor
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Transverse Spin Physics

E704 Ay “Mystery”
Transversity * “Collins-Heppelmann Fragmentation Function™?
“Sivers Effect” or “Intrinsic handedness” 7 (Anglar Momentum?)
Twist-3 gluon correlations?

L

Forward rapidity high xp pi0 Ay 0.4 + i_

_ g1

Forward rapidity charged particle Ay 0.2 C i ‘i .
-~ £ olendr

Exciting results are reported r . _

at this conference _o2 ® _—

. IR S 0

Transversity measurements —0.4 T

0 020406 0.8
Xp
Non-zero Ay measured in E704 at Fermilab at

1
sqrt(s)=20 GeV, p;=0.5-2.0 GeV/c: 0



“Complete” Transversity Measurements Y

Polarized pp - RHIC Star/Phenix (BNL)
Drell Yan ordi-Jets: A,..(p,p, —= I/ jet+ jet)[] 0q-0Oq
Collins Effect : A,(p, + p— jet(h)+ X)[] 6q-C
7" Interference Fragmentation : A, ( p, +p—jet(n’ . w )+ X ) 0 6q-9q,
Inclusive hadron: A,(p,p—=h)[] 0q- C + other terms
Polarized DIS - Hermes(DESY) Compass(CERN) eRHIC Tesla-N
Collins Effect : A, (lp, = l+7x+X)[] 0g-C
7" Interference Fragmentation : AT(lp L = jet(m ) + X) 1 8q- 6q,

e+e- collider - Belle (KEK) Babar LEP ...

+ j— o0 ~ - p~ ,
s diie - . 50 - & S K. Hasuko’s
e e d ] c-C, dr 5% C @ " talk on Friday

— — S. Aoki, M. Doui, T. Hatsuda and Y. Kuramashi Phys.Rev. D56 (1997)433
= = -+
62 5“ + 5d + dS‘ 0'56 - 009 More recently: S. Capitani et.al. Nucl. Phys. B (Proc. Suppl.) 79 (1999) 548 11
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Transversity at STAR

using spin dependent jet Fragmentation Function(FF)
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Hard Scattering
Process xsection
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Transversity
Collins- Heppelmann FF

or
2 pion Interference FF 12

Requires to measure Jets
stay away from initial state effects
FF depends on z



Collaboration

~ 400 collaborators
41 institutions
9 countries




STAR — Solenoid Tracker At RHIC ﬁm’m

2001 2002  2003-
Spin  YearO VYearl  Year2 and beyond

Magnet Time Projection
Coils Chamber |n|< 1.5
B=0.25T 05T Silicon Vertex

TPC Tracker
Endcap &
7DC e Forward TPCs
2.4 <|n|<4.0
Endcap EMC erte

1< <2 A¢ = 2

Central Trigger

Barrel EMC Barrel [n| <1
0<n<1 A =2x/5 + TOF patch
<1A$=2n
il ¢ RICH: [n|<0.3, A¢ = /6
Forward Pion Detector Beam-Beam Counters
(FPD) 3.0<n <4.0 2.1< In| <5.0

+ upgrade + upgrade 14



€/AR Central Au+Au Collision at sy,=130 GeV

colors ~ ionization:
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TPC 1s our hadron calorimeter

® Very first "look" at jefts:

- DATA: STAR minimum-bias pp data: s =200 GeV

 Jet algorithm: Cone jet Finder for charged particles only

" 1 R=0.7,seed > 16eV, E;> 5GeV, |nief| < 0.7
RS
£ Require understanding of detector
L 3 A, to set the energy scale
10 #‘#ﬂ e/'
e h

; EMC will be added
%

(I
C‘;eol

| o
1 MH M

..+.t{g+m.*m@h.“.+ . wﬁﬂ +mhw+

3
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Spin asymmetries in proton-proton collider
Requires 3 different process/measurements
N = spin dependent yields of process interest
L =vyield of luminosity monitoring process (high rate & spin independent)
(R = relative luminosity between different spin configuration)
P = beam polarization(s) from polarimeter at RHIC

Single Spin Asymmetries F.o.M = P2L

&.»‘
A=1(NT/£T—N¢/L\L ) _ l(NT—RNJ’) R ol Versus
PANT /T Nt /o PANT +rRNY b = 2 @

1(\/NLT ‘NpV¥ N TN, ¥

g \/NLT ’NR‘I’ "‘\/NRT ’NL‘I’

Double Spin Asymmetries F.o.M = PAL

) Ay with left-right symmetric detectors

A N T NtV N T N vorse
PPy T TNt e (NI T et VY - &
o (NH_RNH) _
P1P2 N‘|’1\+RN1H|\ L/|\1\

18



BBC E<W counts
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Scaler Board System

24 1nput bits = 7(bunch crossing) + 17(physics inputs)
Counts input pattern every bunch crossing (every 107nsec)

POT6025 BBC3 Sum 1 E.WA| — e Study bunch to bunch beam differences
x10° Hent = 129 S . d
14000 A - ystematic study
1200k e Feed back to RHIC
mmf e Measure relative luminosity
i e per bunch
800{n .
i e for many difference processes
o 217=130K different input patterns
400{{
200[
um&l&}_ﬂ.ﬂ.ﬂ.ﬂ.mﬂ: SIS TULPIRIE QAR IRIT TIRIRIEHE TIRIFL: P
0 20 40 60 il 100 120

Bunch Crossing Number * Counting spin experiments

Polarization Pattern at STAR: @ Spin Up O Spin Down O Unpolarized Next run:
&) 10 scaler

| boards

3

(¥
LS
374
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Beam Beam Counter P e

lcm thick scintillator hex tiles with PMT readout (2.1<In|<5)

1. Feed back to RHIC to make collision at STAR
Measure relative luminosity ~10- level
Measure absolute luminosity ~ 15% level
Minimum bias trigger (covers ~40% of total o)
Reject beam gas events from biased trigger
Measure multiplicity at forward rapidity

A\ for forward charged particles

NonkEwWD

STAR Beam-Beam Counter Schematic
Front View

For next run:
Complete large tiles

More PMTs
Better triggering

20
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STAR Forward i’ Detector %ﬁw

Top

M, S calorimeters are mounted Ph-glass
cloze 1o the beam pipe a
distance of ~7 &m east of the
STAR IR
----- Beam pipe
[ MNorth ] x{‘/ SoLth
i Fh-scintillator H ,/ Pb-glass
=B (near pos'ng ) %
s} Pr EE
'W' (~1.4 GeWic
:-:-.1.-.1.-:- o E :!!!EE E!! !!!5 ;E; nm . at E=25 Ge“u{:l
— SMY =trips
. A 2tower prototype of endcap EMGC - Pb-glass detectors
sampling calorimeter Baift by IHEF Protvino
fiar FMAL E-704
+ prezhower detectors Bottom
o Pb-glass + ~183 radiation lengths
- shower-maximum detector
to measure transverse profile - Cerenkoy detector

- extensiviely tested at SLAC

n® reconstruction x->0.2~0.6

FPD  BBC BBC FPD

1 <p; <4 GeV
West  West East East Pr Ge
] ] 3<n<4
] ]
Next run Last run FoOr next run: More symmetry

left+right Pb-g + SMD + PreShower
TTTTITITT both east & west 21




Barrel EMC

Scinti. + Pb sandwich EMC

4800 projective towers (2, -1<n <1)
Shower Max Detector gas detector with 18K strips
Pre Shower Detector (first 2 layers)

High tower trigger & 1x1 jet trigger

24/120 BEMC modules installed in Spin Year 1
Commissioned, calibrated, high tower trigger is tested

600 —

- Neutral Pi Mass = 134.7 MeV
S0 Width = 26.9 MeV
400 __

: pr>3GeV
300 —

B + M Installed in Spin Year 1

60 modules spin year?2
90 modules spin year3
All spin year4 2

01 02 03 04 05 06 07 03 08 1
Invatant Mass (GeVic2)



Endcap EMC

Scinti. + Pb sandwich EMC

720 projective towers (27, 1.09<n <2) Covers higher rapidity = asymmetric collision
Essential for AG, W measurements

Installation is starting just right now
Few modules for commissioning in Spin Year2

Scinti. Strip Shower Max Detector
Pre Shower Detector (first 2 layers)
High tower trigger & 1x1 jet trigger

depth —— =

1.086 _ 55 hub

B T i AT A AT T E T T T TAT I

3
3
3
3
]
3
3
2
3
3
]
3
g
3
3
3
]
3
=

schematic Layout

PIaStc p o ver Pb/55 Lamination in Progress
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Spin Year 1(FY02) Polarized pp Run 12/20/01 - 112410207

sqrt(s)=200 GeV
Luminosity ~ 10%° /cm?/s

Vertical polarization ~0.2 @ injection energy

STAR BBC measurements

16M Minimum Bias triggers
Spectra of charged hadrons

Average luminosity[/ub/sec]

Spin effects at mid rapidity » J.Balewski’s Talk

Au+Au comparison

3.5M FPD triggers with STAR detector

11M FPD triggers standalone data

13 5 7 9 1M 131517 19 21 23 256 27 29 31 33

Ay for forward pi0 — > G. Rakness’s Talk

Integrated luminosity

0.8M EMC triggers

Recorded at STAR [/nb]

Commissioning of EMC

High pt

1.3 5 7 9 11131517 19 21 23 25 27 29 31 33
Days into run (from 12/20/01

—— J. Kiryluk’s Talk >



AN (70)

0.4 -

From G.Rakness’s Talk
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Forward rapidity high xg 7 Ay

p'p = a°X at /s =200GeV

STAR FPD Preliminary Data
- Assuming A (CNI)=0.013
- pr=1.1-2.5GeV/c

Systematlc uncertamty +- O 05

0.4 0.6 0.8

Theory predictions
at pr=1.5GeV/c

Collins effect

Anselmino, et al.
PRD 60 (1999) 054027.

Sivers effect

Anselmino, et al.
Phys. Lett. B442 (1998) 470.

Twist 3 effect

Qiu and Sterman,
Phys. Rev. D59 (1998) 014004.

x 2E/100 GeV  *



From J.Balewski’s Talk A e
Mid rapidity leading charged particle Ay
Ay +(P+Q)/2 physics 1-spin raw asymmetry

o Statistical error based on 6.1M events
Not sensitive to L monitor  * primary track multiplicity >3

COUld be non-zero e L. monitor not used
* average polarization P=-8% , Q=-14%
F F+ 2
| ﬂm%{:} for charge=0 | Ay for m=0
i F+oo
- = ﬂNP+Q for charge=0 N Ay = for m<0
0.0 2 0.0
i i -
0.02[ 0.02]

-0.02—

-0.0A

11 1 1 I L1 1 1 | | I I | I 11 1 1 I 11 1 1 | 1 1 | | I 11 11 | 1 1 1 1 I 11 1 1 I | I ol I 1 1
0 1 2 3 4 5 0 1 2 3 4 5
LCP pT (GeWic) LCP pT (GeVic) 26




From J.Kiryluk’s Talks st

Transverse single spin asymmetry at BBC

€(BBC), xF>0 €(BBC), xF<0
0.002 - -— 0.002 - -
00151 0015
0.001} o £+ Right 0.0011
0005 0005
0 Top-Botton 0
(expected -
0005[fo be zero) 0005
ﬂ_u01:|||||||||||||||||||||||||||||||||| 0_U01:||||||||||7—v—rl—¢—r||||||||||||||||||
0 05 1 15 2 25 3 35 3 0 05 1 15 2 25 3 3.5 3
x10™~ x10™
E(CNI) (Yellow) E(CNI) (Blue)

Spin effects are of the order of 103, comparable with those observed by CNI

Only statistical uncertainties on the CNI and BBC asymmetries shown.
BBC asymmetries: point to point systematic uncertainty is ~3 x 104,

overall systematics under study
27
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Time Table

Spin Year 1 (2001 Jan)
200GeV Vertical P~0.2 L~10%/cm?/s
Partial barrel EMC, FPD, BBC
Ay from FPD, TPC, BBC
We’ve delivered what we promised

Spin Year 2 (2003 Winter-Spring)
Vertical & Long. P~0.4 L~10°%/cm?/s
200GeV (some 500GeV for test)

Full set of spin rotators

Down-ramp for polarimeter calib.
1/2 barrel EMC, Some endcap EMC
FPD & BBC & Scaler upgrade

5 weeks of setup + machine ramp up
1 week of physics with vertical spin

2 weeks of physics with longitudinal spin

Spin Year 3 and beyond (2004 ~)

Further improvements on L and P
Eventually up to P=0.7 L= 2*10%/cm?/s
sqrt(s) = 500GeV

Gas jet polarimeter (Spin Year 3 ~)
Strong snake in AGS (Spin Year 4)
Complete barrel (Spin Year 2 to 4)
Installation of endcap (Spin Year3)
Direct Photons & di-Jets

Ws and Zs

Transversity

New physics?

Continue on A, (F.0.M increases by ~2 orders) —>A. Ogawa’s Talk

A, from Jets — » B. Surrow’s Talk

28



From A. Ogawa’s Talk e

Ax p1+p, ¥8=200 GeV

0'4_ xp<0 7 Positive & Negative _5
0.3F (pr=1-4GeV) Leading charged particles 3
DI @ FPD @ TPC (p;=0.2-5GeV) P :
0.2t o

C Last call for " .

0 “ predictions D m l"
-0.1¢ ™ (py=1.1~2.5GeV) @ FPD:

_0.2:||||...|...|...|..
0.8 -06 -04 -02 0 02 04 06 ()8

It’s just a start: Map out -1<xz<1 and pr=1-4 GeV
Sqrt(s)=500GeV, FPD+BBC+FTPC (forward “jet”)
FPD-TPC away side correlations (hard process?) %



From B. Surrow’s Talk
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A, from jet for Spin Year 2

* A, sensitivity (incl. trigger & detector effects)

=
wn

-

0.05

Simulated A

—0.05
015

0.1

.05

—0.05

p+p — jets, vs = 200 GeV, 3 pb™", Poan=0.4

_ . + }

] - & E E
D |
] | ]

5 10 15 20 D&
i c 2 ; % %
GRSV — std
] | ]
5 10 15 20 25

Measured jet transverse energy (GeV)

® Simulation based on Pythia
including trigger and and jet
reconstruction efficiencies

® Assume: Coverage of EMC
(barrel) O<¢p<2mand O «n«<1

® Jet Trigger: E; > 5 GeV over at
least one "patch”" ¢ =1 Xn=1

® Jet reconstruction: Cone
algorithm(seed = 1GeV, R = 0.7)

® Luminosity: 3pb-!

@ Polarization: 0.4

» s =2006eV

30



Summary P

e Wide range of physics
e AG from direct photon+jet, single and d1 jets
e Flavor decomposition of quark & anti-quark polarization
* Transversity
* Single spin asymmetries
e and more...

* First spin physics from RHIC was reported at this conference
e Commissioned new detectors: BBC, FPD, EMC, Scalers

e Ay from FPD, TPC and BBC
* We’ve delivered what we promised

e Many years of program
e Higher polarization, more luminosity, better polarimetry

 Complete STAR detector Barrel and endcap EMC...
e Understand the system  Relative luminosity, polarization



